Abstract. We theoretically study saturation effects induced by an external static electric field on photoas- 
Introduction
Cold molecules below millikelvin temperature regime allow for a wealth of interesting studies. This is especially true for heteronuclear molecules due to their potential applications in numerous areas such as quantum computation [1] , precision measurements of fundamental constants [2] and quantum phases of dipolar gases [3, 4, 5] .
Several experimental groups have reported photoassocia-tive formation of ultracold alkali-metal polar molecules, such as NaCs [6] , KRb [7, 8, 9, 10] , RbCs [11, 12] , LiCs [13, 14] and LiK [15] [16, 17, 18] and so offer a new scope for studying exotic physics of strongly interacting gases. Third, since two heteronuclear cold atoms in quasimolecular collision complex posses a spatially dependent permanent dipole moment, the collisional properties of a pair of heteronuclear atoms can be manipulated by an external static electric field. It is shown that, unlike in homonuclear atoms, a static electric field can significantly affect the interaction of a heteronuclear atom-pair [19, 20] due to the existence of permanent dipole moment of collision complex. The effect of a static electric field on the formation of ground state polar molecules via one-photon stimulated emission from ground continuum has been theoretically studied [21] .
In a previous paper [20] , we have studied the effects of a static electric field on photoassociation (PA) of 7 PA process. Saturation occurs when free-bound stimulated linewidth exceeds spontaneous linewidth. At saturation, the excited molecule has finite probability of going back to the initial two-atom continuum by stimulated emission.
As a result, a free-bound coherence can be established at saturation. Therefore, PA rate (loss of atoms) is expected to exhibit a dip at saturation.
Here we show that, even with weak PA lasers, satura- 
PA in the presence of electric field
Before we discuss saturation effects due to a static electric field, let us first discuss how a static electric field affects ground state scattering properties of two heteronuclear atoms. In the absence of an electric field, different partialwave states of a heteronuclear collision complex are uncoupled, and therefore the scattering is isotropic governed mainly by s-wave at ultralow kinetic energies. The interaction of the permanent dipole moment of a heteronuclear collision pair with a static electric field can be expressed
where E is the electric field magnitude and d S (R) the dipole moment function of the complex in the different electronic spin states S. M S is the projection of S on the Z axis. The analytical expression of d S (R) is given in [19] .
The potentialV E (R) induces coupling between different partial waves ℓ such that even and odd ℓ are coupled separately to each other but not to themselves because of electric dipole selection rules. Due to this electric field induced anisotropic coupling, several scattering resonance structures appear [20] . Figure 3 of [20] shows that for 7 Li PA rate coefficient is given by
Where S n P A [22, 23] represents S-matrix element for one-(n = 1) or two-colour (n = 2) PA transition and ....
implies an averaging over thermal velocity distribution.
For sufficiently low laser intensities, the one-photon PA probability is given by where γ s represents the natural linewidth of the excited state and the detuning of laser-1 is given by
where D t (R) is the transition dipole moment, ǫ 0 and c are the vaccum permitivity and speed of light, respectively.
φ v ′ ,j ′ represents the excited bound state and ψ γ=l,m l is the partial wave scattering wavefunction in the presence of a static electric field [20] . The two-colour stimulated Raman PA probability is given by
The second laser thus splits a single PA resonance into a pair of peaks located near the energies Laser-2 is detuned by
and | φ v ′′ ,j ′′ is the ground bound state wavefunction.
C j ′ j ′′ represents the angular part which is given by
where .. | .. represents the Clebsch-Gordan coefficient. the bound-bound Franck-Condon(FC) factor. The equations (3), (4) and (5) indicate that PA rate of equation (2) is mainly affected by the electric field through the freebound stimulated linewidth.
Results and discussions
Here we investigate saturation effects due to electric field in both one-and two-colour PA of Li + Cs. In figure 2 algorithm-based multichannel scattering technique was used.
The bound state wavefunctions are solved using renor- 
Conclusion
In conclusion, we have studied saturation effects in one- Bound-continuum-bound dressed state due to two lasers has been studied recently in a different context [26] . It would be interesting to explore the possibility of a dark resonance in two-colour Raman PA due to static electric field effects.
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